Summary: We studied somatometric measurements of the head and face in Japanese adolescents. We obtained craniofacial measurements of 164 children (82 males and 82 females, from 12 to 14 years of age) from the junior high school in Ayase City (Kanagawa prefecture). In order to have adult data with which to compare, we measured 56 dental students (28 males and 29 females, 20 years of age) from Showa University in Tokyo. We found that head breadth reached adult size at 14 years of age, but, in males, head length increased continuously after 14 years of age. Bizigomatic breadth increased from 12 to 20 years of age. Bigonial breadth had almost completed its growth during adolescence. Face depth grew more slowly than face breadth. From these results, it was clear that craniofacial breadth increased earlier than length. Sexual dimorphism in craniofacial size increased according to age, while sexual difference in the index decreased according to age. A comparison of 3 different generations (40 years ago, 20 years ago, and today) showed brachycephalization and secular change of head breadth and facial measurements. These findings were more evident in females than in males.
Although many reports on somatometric measurements of the head and face have been published (Ikeda, 1978; Ikeda and Tagaya, 1980; Hoshi et aL, 1978 Hoshi et aL, , 1980 , there have been few reports on growth studies in Japan (Inaba, 1956; Kanda, 1978; Ashizawa, 1988 ). Cranial growth is closely related to neural growth. While facial growth shows somatic or general pattern, its percentile curve is a sigmoid curve with a spurt during adolescence (Scammon, 1930) . Major sexual dimorphism of facial morphology, therefore, appears during adolescence. Previous studies discussed geographic variation and secular changes in craniofacial morphology in adults (Ikeda, 1978; Tagaya, 1980, Kouchi, 1986) . It is well known that craniofacial morphology is influenced by both genetic and environmental factors (Suzuki, 1985; Takayama, 1998) . In the last several decades, the environment that influences the structure of the human body has seen remarkable changes. Recently, brachycephalization (Suzuki, 1969, Kouchi and Hanihara, 1987 ) and generational differences of malocclusion (Kuragano et al., 1983) in Japanese people have become a major problem in the field of physical anthropology and clinical dentistry. About 40 years ago, Inaba (1956) reported on the craniofacial growth of Japanese children. There have not been published such reports since Inaba's paper. The purpose of the present study was to describe the craniofacial growth of Japanese adolescents based on the crosssectional data of somatometric measurements. We compared Inaba's data to ours in order to discuss generational differences in craniofacial morphology.
Materials and Methods
In 1996, we obtained craniofacial measurements of 164 children (82 males and 82 females, from 12 to 14 years of age) from the junior high school in Ayase City (Kanagawa prefecture). In order to have adult data with which to compare , we also measured dental students from Showa University in Tokyo (28 males and 29 females, 20 years of age) . We measured head length, head breadth, bizigomatic breadth, morphological face height, and face depth. With the exception of face depth, the measurements were based on the method of MartinSailer (1957) . We defined face depth as the projected distance on the sagittal plane from orbitale to porion (Minobe et aL, 1989) .
The following craniofacial indices were calcu-lated based on our measurements: Cephalic index = (head breadth/head length) x 100 Transverse cephalofacial index = (bizigomatic breadth/head breadth) x 100 Zigomatic-gonial index = (bizigomatic breadth/bigonial breadth) x 100 Face depth index = (face depth/morphologic face height) x 100 Percentage of difference between 20-year-old dental students and each age (12, 13 , and 14 years of age) of junior high school students for each measurement was calculated using this formula.
Percentage of difference in 20-year-olds (%) = (JS/DS) x 100 -100 (JS: mean value of junior high school students, DS: mean value of 20-year-old dental students)
Percentage of sexual difference for each measurement was calculated following Garn et al. (1967) .
Percentage of sexual difference (%) (M/F) x 100 -100 (M: mean value of males, F: mean value of females) In the case of the craniofacial index, the percentage difference was defined as a subtraction of the index.
Percentage of difference in 20-year-olds (%) JS -DS Percentage of sexual difference (%) = M -F Descriptive statistics including distribution parameters, were obtained using SPSS statistical software (SPSS Inc., Ver. 7.5.1 for Windows) on a personal computer. The mean differences between each age (12, 13, and 14 years of age) of junior high school students and the 20-year-old dental students were analyzed using Dunnett's test. If equal variances were assumed by Levene's test, the difference between the sexes was analyzed using a two-tailed Student's t-test. If not, Welch's t-test was performed.
Results Table 1 shows craniofacial measurements, percentage of differences in the 20-year-old students, Table 1 . Means and standard deviations for somatometric measurements of the head and face (mm) diff. 20Y: percentage of difference in 20-year-olds. 2) DT test (NS: not significant , *: P < 0.05, **: P < 0.01 by Dunnett's test based on 20-year-olds).
3) sex diff .: percentage of sexual difference (Garn et al., 1967) and t-test between sexes (NS: not significant, P < 0.05, *: P < 0.01).
percentage of sexual dimorphism, and results of statistical tests. Figures 1 and 2 show line graphs of the means of head and face measurements. Growth patterns in cephalic measurements showed sexual differences. Head length in males increased with age, and the mean value at 14 years of age was slightly smaller than at 20 years of age, but it was not significantly different. In females, the mean values from 12 to 14 years of age were almost the same as at 20 years of age. Head breadth increased with age in both sexes, but the mean values in males from 12 to 14 years of age were not significantly different from those seen in the 20-yearold students.
Bizigomatic breadth, bigonial breadth, and morphological face height increased with age in both sexes, and the absolute value of the percentage difference at 20 years of age was larger in males than in females, indicating that females grew earlier than males. Morphologic face height was significantly larger at 14 years than at 20 years (P < 0.05). Face depth showed no change from 12 to 14 years in both sexes. The difference in face depth at 20 years of age was approximately 7 to 12%, which was larger than the other measurements.
The era- 2)DT test (NS: not significant , *: P < 0.05, **: P < 0.01 by Dunnett's test based on 20-year-olds).
3) sex diff .: percentage of sexual difference and t-test between sexes (NS: not significant, *: P < 0.05, *: P < 0.01).
sexes, the mean values of the zigomatic-gonial index increased with age, and they were significantly larger in 14-year-olds than in 20-year-olds. The face depth index decreased with age in both sexes. Sexual differences in the 5 indices decreased with age.
Discussion
The growth of the neurocranium is closely related to brain growth, but it is not identical to the neural growth pattern (Kimura, 1979 ). Viscerocranium shows general growth pattern which is seen most of skeletons. Previous studies revealed that the neurocranium grows earlier than the viscerocranium ( Inaba, 1956; Kimura, 1979; Ohomori, 1988; Morihara, 1988) , and our study confirmed this finding. Head breadth and head length increased until 14 years of age. With the exception of bigonial breadth, facial measurements were still increasing after 14 years of age. Growth of bigonial breadth stopped earlier than growth of most other facial measurements, but later than head breadth. The transverse cephalofacial index increased with age, demonstrating that bizigomatic breadth increased more slowly than head breadth.
Brain weight increased rapidly in infancy, and reached adult size at 12 to 14 years of age (Kimura, 1979) . Head breadth reached adult size at 14 years of age, which is consistent with the brain growth pattern. Head length increased continuously even after brain growth was almost complete. Tsai (1984) , who analyzed the Paiwan tribe of Taiwan Aborigines, also reported this discrepancy in the cranial growth pattern. Baer and Harris (1969) measured ectocranial and endocranial lengths using X-ray film, and showed that the growth of ectocranial length was under the influence of the growth of the glabella area of the frontal bone. The development of the frontal sinus is a structural accommodation necessitated by the forward growth of the face. Sekiguchi et al. (1973) also showed that the bone deposition at the glabella was responsible for cranial elongation during and after adolescence. Head length was influenced not only by the brain but also by frontal sinus morphology. The growth pattern of head length was not the typical neural type, and it had an adolescence spurt like the general growth pattern in facial skeletons.
The cephalic index showed no significant change from 12 to 20 years of age in either sex. Ashizawa (1988) measured head length and breadth in children from Tokyo, aged 7 to 13 years, and found that head size increased according to age, but head form was constant. Inaba (1956) reported a similar result. Head form is almost established at an early age because of its relationship to brain growth.
Bizigomatic breadth increased from 12 to 20 years of age. While bigonial breadth had almost completed its growth during adolescence. This was consistent with the results of Inaba (1956) , who measured Japanese children in the Niigata prefecture. On the other hand, Taiwan Aborigines showed another growth pattern of facial breadth (Morihara, 1988; Ohmori, 1988) ; bigonial and bizigomatic breadth in these populations had nearly the same growth pattern, with a growth spurt at about 15 years of age, and attainment of adult size at 16 years of age. There was a population difference in the growth pattern of facial breadth.
Face depth grew more slowly than face breadth. Ferrario et al. (1998) measured three-dimensional face volume in Caucasian children, and found that face depth increased earlier than face width and height. Mongoloid populations have a flatter face than Caucasians (Terada, 1977) . The discrepancy in the growth pattern of face depth between Japanese and Caucasians seemed to be related to the difference in facial flatness.
The percentage of sexual dimorphism in craniofacial size increased with age. This result seems to relate to sexual differences in growth velocity. The adolescent growth spurt is earlier in females than in males (Kinura, 1979) , but the males exceed the females in size according to age. On the other hand, sexual differences in the craniofacial indices decreased with age. This result indicates that sexual differences in the craniofacial region were mainly expressed in size, not in shape.
About 40 years ago, Inaba (1956) reported on craniofacial growth in Japanese children. We cornpared Inaba's data to ours in order to discuss generational differences in craniofacial morphology, and we also compared our data to adult data from about 20 years ago (Hoshi et al. , 1978 (Hoshi et al. , , 1980 . Tables 3 and 4 show the means of the present day (present study), 20 years ago (Hoshi et aL, 1978 (Hoshi et aL, , 1980 , and 40 years ago (Inaba, 1956 ). Head length was nearly equal in each of the three different generations, but head breadth increased. The cephalic index became larger. This is thought to be caused by brachycephalization. These results are consistent with the findings of Ashizawa (1980) , who stated that there was no secular change in head length, whereas present-day children have significantly Table 3 . Means of craniofacial measurements of 3 different generations in Japan (mm) ')Present study (1999 broader heads.
With the exception of morphologic face height, the facial measurements showed secular change, especially in present-day females who were significantly larger than 40 years ago (P < 0.05). The morphologic face height was larger 20 years ago than the present day, but it was smaller 40 years ago than the present day. From 12 to 14 years of age, present day morphologic face height was also larger than 40 years ago.
Although Kouchi and Hanihara (1987) stated that secular change in stature and brachycephalization was not observed in male junior high school children about 10 years ago, in the present study, the craniofacial measurements of both sexes were clearly larger. Secular changes were more clearly observed in females than in males.
